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Je t  Propulsion Labor  a t  o r  y 

The rma l  control  requi rements  fo r  Surveyor differ f r o m  those for  a l l  spacecraf t  
previously flown--the nea res t  approaches having been in Luna IX and Ranger Block I1 
lunar  capsules ,  though the problems in  both c a s e s  were  much l e s s  sophisticate$. 

In addition to  normal  environmental conditions which a l l  spacecraf t  have to 
withstand, Surveyor I had to survive ( a )  a complex t e rmina l  maneuver,  which 
included the f i r ing of a solid rocket  motor with meta l  doped fuel and the fir ing of 
t h ree  liquid-fueled moto r s  which shut off only at  a 13-foot elevation above the lunar 
sur face ;  (b)  the lunar  day, with i t s  varying lunar  sur face  tempera tures ,  sun angles 
and shadow pat terns;  and ( c )  the lunar  night insofar  a s  possible.  Surveyor I actually 
survived the first lunar  night and, duridg the second lunar  day, sent back many pic- 
t u r e s  together with invaluable engineering data.  

Due to  the unique environmental  conditions imposed on Surveyor I, the approach 
to its t empera tu re  control design depended on the use  and the tempera ture  limits of 
var ious subsystems.  Cer ta in  subsystems operated only during the t rans i t  phase of 
the flight, and the i r  control  on the lunar su r face  was  not necessary .  Other subsys-  
t ems ,  which had to funct ionon the luiiar sur face ,  could survive lunar night tempera-  
t u r e s  and still be used on the second 1una.r day, if they were  switched off a t  dusk. 
Finally,  t h e r e  existed cer ta in  other  subsystems which had to be kept at some t emper -  
a tu re  in the vicinity of room tempera ture ' to  survive the lunar  night with possible 
operation during that period. 
t empera tu re  control, as opposed to the "closed sys t ems"  used in other spacecraft .  
In the open system, one indeed pays a penalty in complexity of thermal  design; but 
one grea t ly  reduces the power required to survive the lunar  night. 

This led to.what is t e rmed  the "open system" of 

Types of t empera tu re  control were ( a )  passive,  (b )  active, and ( c )  semi-act ive.  
Pass ive  control  (F ig .  1) exis ts  where  the radiat ive proper t ies  of external sur faces  
a r e  controlled by paints, polished metals,  o r  o ther  su r face  t rea tments .  In some 
instances,  reflecting m i r r o r s  were  used to d i r ec t  energy onto shaded a reas .  
other  components (Fig.  2) where the required radiative isolation could not be 
achieved by sur face  finishes o r  t reatments ,  the ma jo r  i t em was covered with an 
insulating blanket composed of multiple-sheet aluminized mylar .  

F o r  

Active control (F ig .  3 )  consisted of e lec t r ica l  hea t e r s  which were  operated by 
ei ther  ex terna l  command, thermostat ic  actuation, o r  both. This type of control was 
used fo r  those units whose survival could not be achieved by passive control; and to 
optimize hea ter  effect iveness ,  such units a lso had special  sur face  finishes and 
insulating blankets. a 
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Semi-active control  (Fig.  4) consisted of a number of tempera ture-ac tua ted  
Each compartment,  switches (nine in Compartment  A and six in Compartment  B). 

which was enclosed in a shel l  with an inner insulating blanket covering the bottom and 
four s ides ,  contained a s t ruc tu ra l  t r a y  f o r  mounting electronic  equipment. 
switches w e r e  attached to the top of the t ray and they var ied  the the rma l  conductance 
between the t r a y  and the outer  radiating sur faces  (back aluminized Vycor m i r r o r s ) ,  
thereby varying the heat  dissipating capability of the compar tments .  
t empera tu re  increased,  heat  t r ans fe r  across  the switch increased .  
night, the switches opened, decreas ing  conductance between the  t r a y  and the rad ia-  
t o r s  to a ve ry  low value to conserve  the heat. When heat diss ipat ion f rom the elec-  
t ronic  equipment was not sufficient to maintain required t r a y  t empera tu res ,  even with 
the switches open, a hea ter  on each t r ay  supplied the necessa ry  energy. 
t ronic  equipment which had to opera te  both day and night, and whose t empera tu re  
requi rements  could not be m e t  by passive o r  active control,  w e r e  mounted--together 
with the main  bat tery-- in  one of the compartments .  Examples of units controlled by 
active and semi-act ive means  a r e  shown in Table 1 .  All o ther  units w e r e  passively 
controlled. Also shown in Fig.  4 is the Flight Control Sensor  Group, which has  the 
s a m e  type of rad ia tors  a s  those atop the compartments .  
f o r m  pa r t  of a passive control sys t em only, t h e r e  being no tempera ture-ac tua ted  
switches between them and the components which they a r e  cooling. 

The 

When t r a y  
During the lunar  

All e lec-  

In th i s  ca se ,  however, they 

Table 1 .  Use of active and semi-act ive t h e r m a l  control 

Type of 
Control 

Semi -Active 
and Active 

Active 

Unit 

Compartments  A and B 

Flight Control Gyros copes 

Altitude Marking Radar 
Electronic s 

Vern ier  Engine Propellant Lines 

Vern ier  Engine No. 2 
Oxidizer and Fuel  Tanks 

Vernier  Engine No. 3 
Oxidizer Tank 

Approach Television Camera  

Survey Television 
Camera  

Used During 

Trans i t  and Lunar  Day (Semi- 

Lunar Night (Semi-  Active and 
Active) 

Active) 

r r a n s i t  

r r a n s i t  (unit jet t isoned during 
t e rmina l  phase)  

Transi t  

T rans i t  

T ran  s i t  

Trans i t  (not used on Surveyor I)  

Trans i t  (might have been needed at 
dawn of second lunar day i f  com- 
munication had been established 
with the spacecraf t )  
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In mos t  ca ses ,  passively-controlled i t ems  reached their  equilibrium conditions 
rapidly; thus,  the i r  radiative proper t ies  had only to be designed so that the unit 
remained within operating l imi t s  during the shor t  t ime t rans ien ts  imposed by sun 
acquisition, midcourse,  and te rmina l  maneuvers.  The main r e t r o  motor ,  however, 
could not be held at the c o r r e c t  equilibrium tempera ture  throughout t ransi t ;  and, fo r  
this  reason ,  it was covered by an insulating blanket and preconditioned before flight. 
The preconditioning tempera ture  was adjusted so  that the solid fuel bulk tempera ture  
would fal l  to the c o r r e c t  t empera ture  a t  the s t a r t  of the te rmina l  descent.  The fuel 
and oxidizer tanks for  the vern ier  engine sys tem were  also in a continuous t ransient  
during t r ans i t  with the additional backup for  the th ree  shaded tanks of active control 
which could be used, under thermostat ic  control,  during the la te r  s tages  of the flight. 

GENERAL FLIGHT PERFORMANCE AND PROBLEM AREAS 

The genera l  flight performance of Surveyor I has  been described as "bet ter  than 
nominal. I' 

Figs .  5 and 6 show the prediction ranges and the flight resu l t s  for  cer ta in  r e p r e -  
sentative i t ems  f rom the 78 the rma l  sensors  ( 7 2  were  used on the lunar surface,  
s ince  t h r e e  w e r e  attached to the Altitude Marking Radar which was jettisoned at  the 
s t a r t  of r e t r o  burn,  and th ree  were  attached to the main r e t r o  motor  which was 
jett isoned af te r  r e t ro  burn).  Only one sensor fell  far f rom i ts  predicted value--that 
fo r  the main  r e t r o  nozzle, and this  actually behaved a s  i t  did in ground tes t .  
Apparently, allowances made  in the flight prediction of this i tem, which allowed for  
back radiat ion f r o m  the chamber f loor ,  may have been cancelled by reflection f r o m  
other  parts of the spacecraf t ,  or  the joint conductance between the nozzle and the 
r e t r o  motor  may have been different i n  the ground t e s t  ( iner t )  model f rom the flight 
mo to r .  

This  r e m a r k  also applies to the the rma l  performance of the spacecraf t .  

The only problem a r e a  in  flight was the  behavior of the Auxiliary Battery,  which 
r a n  cooler  than predicted and approached its lower tempera ture  l imit .  Switching i t  
into the s y s t e m  a little e a r l i e r  than called for  in the flight plan brought this bat tery 
up  to operat ing t empera tu re  before the terminal  maneuver ,  and i t  per formed to 
specification. 

GENERAL LUNAR PERFORMANCE AND PROBLEM AREAS 

Very  few predictions w e r e  made  fo r  the per formance  of Surveyor I on the lunar  
su r face  s ince  the p r i m a r y  objective of Mission A was to demonstrate  flight pe r fo r -  
mance,  landing capability, and picture-taking potential- - r a the r  than survival on the 
sur face  and continuous picture-taking, which actually occurred.  
the predict ions which had been made  were quite genera l  and frequently directed only 
at potentially catastrophic  fa i lure  modes--such a s  rupture  of the vern ier  engine fue l  
and oxidizer  tanks, f a i lu re  of the vernier  engine control  valves,  o r  overheating of 
the compar tments  and survey television c a m e r a  during lunar noon. 
was  no "nominal" data  f o r  comparison with actual performance.  Results obtained 
f o r  t h r e e  i t e m s  of in te res t  (shown in Figs. 7, 8, and 9 )  indicate reasonable values 
fo r  t empera tu re  even under ex t reme lunar environmental  conditions. Tempera tu res  
encountered by the vern ier  engines were high and caused some a l a rm,  s ince propel-  
lant valve fa i lure  had occurred  in ground t e s t  a f t e r  long exposure to these t empera -  
t u r e s .  

F o r  this reason ,  

Therefore ,  t h e r e  

However, resu l t s  for  the second lunar  day confirm that such a f a i lu re  did 
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The only problem a r e a  on the lunar su r face  occur red  toward the end of t h e f i r s t  
lunar  day (Fig.  10) when ce r t a in  temperature-control led switches in  Compar tments  A 
and B w e r e  s tuck in the closed position. 
test. In the  c i rcumstances ,  heat l o s ses  f r o m  the compar tments  would be  higher than 
could be tolerated during the lunar  night if spacecraf t  interrogat ion was  to b e  con- 
tinued. 
mented)  opened ve ry  ear ly  in  the lunar  night ( this  was confirmed by other  da ta  
obtained f r o m  the spacecraft);  the  other  switch in Compartment  A opened a l i t t le la ter ;  
and the behavior of Compartment  A indicated that all of its switches w e r e  open. 
t he rma l  behavior of Compartment  B indicated, however, that  probably th ree  of i t s  
temperature-actuated switches w e r e  st i l l  c losed at the t ime that  all communication 
with the spacec ra f t  was  discontinued to save ba t te ry  power. When communication 
was  re-establ ished on the second lunar  day, t empera tu res  w e r e  up so  that a l l  t he rma l  
switches would be normally in  closed. However, p re l iminary  engineering evaluation 
indicates a high probability that all switches opened at s o m e  t ime  during the lunar 
night. 

This  problem had been known f r o m  ground 

As can  be  seen f rom Fig. 10, one of the switches (which was not ins t ru-  

The 

EXPERIMENTS CARRIED OUT AND ATTEMPTED ON THE LUNAR SURFACE 

Severa l  engineering experiments  were c a r r i e d  out while Surveyor I was com-  
municating da ta  f r o m  the moon. These  a r e  descr ibed  in following paragraphs.  

Lunar  Surface Tempera tu res  f rom Readings on Isolated Sensors  

H. Knudson of Hughes Ai rc ra f t  Company suggested that it should be possible to 
deduce effective radiating t empera tu res  of the lunar su r face  f r o m  measurements  
taken by s e n s o r s  on the outer  su r f aces  of Compartments  A and B. 
thin material, reasonably well  isolated f r o m  the  r e s t  of the spacecraf t ,  and their  
equilibrium t empera tu re  was  dependent to a l a rge  extent on the lunar  sur face  t emper -  
a ture .  
ment  No. 97,  indicate that the lunar  sur face  br ightness  t empera tu re  was 165°F a t  
1200 GMT on 2 June 1966. 
f r o m  ear th-based da ta  of 120°F f o r  that area and t ime. 
obtained by the The rma l  P rope r t i e s  Working Group, a r e  repor ted  in a "Thirty-Day 
Report" to be re leased  shortly.  

These w e r e  on 

P re l imina ry  calculations reported in the '' Five-Day Report ,  " Projec t  Docu- 

This can be compared with the t empera tu re  predicted 
More  detailed resu l t s ,  l a t e r  

SDac ec ra f t  Shading 

As the f irst  lunar  noon was approaching, it was elected to re-posit ion t h e s o l a r  
Panel  and P lana r  A r r a y  to cas t  a shadow on the TV C a m e r a  and compartments .  This 
maneuver ,  while reducing the output of the Solar Panel,  provided a m o r e  des i rab le  
the rma l  environment for  the compartments  and c a m e r a ,  and permit ted picture-taking 
even during the lunar  noon. 

Compar tment  Heat Losses  

It had been hoped that,  with the onset of the lunar  night, i t  would be possible to 

This  experiment was largely nullified 
deduce the hea t  l o s s e s  from the compartments  by  commanding a suitable hea ter  and 
r ece ive r / t r ansmi t t e r  cycle on the spacecraft .  
by the sticking of the tempera ture  actuated switches in  Compartment  B,  the initial 
sticking of the switches in  Compartment  A,  and uncertaint ies  in  the heat dissipation 
of the ba t te ry .  
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Predict ion of Vern ier  Engine Propellant Tempera tu res  fo r  Second Lunar Day 

It was  hoped that, during the second lunar  day, i t  would be possible to f i r e  the 
Vern ier  Engines and examine the lunar surface in the vicinity of Engine No. 3 before 
and af ter  the fir ing to de te rmine  erosion effects f rom a low-thrust  firing. Since the 
helium had been dumped immediately after landing, the only p r e s s u r e  available was  
the vapor p r e s s u r e  fo r  oxidizer feed. Therefore,  it  was important to know the prob-  
able t empera tu re  of the oxidizer tanks. 

Predict ions w e r e  made  (from data obtained during the f i r s t  lunar day and the 
f irst  48 hours  of the lunar  night) fo r  the second lunar day. These predictions could 
not be checked with g r e a t  accuracy,  since Surveyor I did not produce data  until jus t  
before  noon on the second lunar  day, Certain fac ts  did emerge ,  however. F i r s t ,  j u s t  
before  the second lunar  noon, all fue l  tanks w e r e  cooler than a t  the equivalent t ime  in 
the f i r s t  lunar  day. This  was to be expected s ince they f roze  during the lunar  night, 
and init ial  condi t ions,for  the second day t rans ien t  were  very  different f rom those of 
the f i r s t  day.  As the  lunar  day progressed,  fuel tank t empera tu res  approached--but 
did not reach-- the t empera tu res  attained a t  equivalent t imes  in  the f i r s t  lunar  day. 
The oxidizer  tanks,  on the other  hand, were  between 20°F  and 4 0 ° F  hotter on the 
second lunar  day, when the spacecraf t  was f i r s t  picked up, than on t h e  f i r s t  lunar  day. 
This  was con t r a ry  to prediction, 
tank p r e s s u r e  which occur red  before noon of the f i r s t  lunar day. 
l o s s  of la tent  heat  of vaporization of the oxidizer gave a fa l se  heating curve  during the 
f i r s t  f i r s t  lunar  day. 
the oxidizer  tanks fell and became almost identical  with r e su l t s  noted for  the f i r s t  
lunar  day. 
r easons  o ther  than t h e r m a l  control.  

but i s  thought to be due to venting of the oxidizer  
This venting and 

Toward the end of the life of the spacecraf t ,  t empera tu res  of 

In the final event, i t  was not possible to f ire the vern ier  engines for  

P a r t i c l e s  on Radiating Surfaces  

Narrow-angle  pictures ,  taken toward the end of the f i r s t  lunar day of the top of 

Examination of e a r l i e r  photographs (F ig .  12) indicates that these  pa r t i c l e s  
Compar tment  A, showed a number of par t ic les  on top of the Vycor g lass  m i r r o r s  
(F ig .  11). 
w e r e  p re sen t  on the r ad ia to r s  very  soon af ter  landing. Some prel iminary exper iments  
have been made  using sand, fine g r i t ,  and lint on a s imi l a r  radiator ,  taking p ic tures  a t  
equivalent dis tances  with s imi l a r  lighting on ear th .  
pa r t i c l e s  appearing in  the Surveyor I photographs a re  probably of the consistancy of 
c o a r s e  sand. Therefore ,  they are probably p a r t  of the lunar  sur face  m a t e r i a l  thrown 
up during the  touchdown of the spacecraft ,  possibly by ve rn ie r  engine exhaust,  

These p ic tures  indicate that the 

Self-Diagnosis - Broken Radiator 

During the second lunar  day, a survey was run  over  the top of Compartment  A 
to look f o r  fur ther  d i r t  accumulation (Fig. 13). When compared with Fig.  12, i t  can  
be seen  that  some damage to a radiator  has  occurred .  
(F ig .  14) shows that  a sec to r  of one radiator had shat tered.  This  was not sufficient 
to resul t -  i n  higher compartment  temperatures ,  but was an interest ing example of 
self-diagnosis  by a spacecraf t .  

A narrow-angle  p ic ture  
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CONCLUSION 

The flight and lunar surface performance of Surveyor I was excellent and 
exceeded all expectations. 
varying degrees  of success .  
of fur ther  experiments  which should be undertaken. 

Certain engineering experiments  w e r e  attempted with 
These gave a g rea t  deal of information and indications 


